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While most of us regard pain as unpleasant and 
even undesirable we would find it almost 
impossible to live a normal life without it. The 
sensation of pain usually tells us that something 
is wrong. The pain of a broken arm or a sprained 
ankle is normally enough to stop us from 
continuing an activity that could cause further 
damage. A sting of a nettle causes sharp pain 
which is usually enough to make us very careful 
the next time we encounter nettles.  

Motor neurons carry signals from the central nervous 
system to muscles, glands and other internal 
organs. 

Interneurons connect sensory neurons to motor 
neurons; they also connect to other interneurons. 
In fact, the neurons of the central nervous system 
(the brain and spinal cord) are all interneurons. 

Nerves are bundles of neurons and may contain both 
sensory and motor neurons. 

Describing Pain 
The fact that we have so many words to describe pain 
shows how important it is in our lives; pain may be 
describe as sharp, acute, throbbing, burning, stinging, 
chronic, aching etc. In medical diagnosis pain is a 
major symptom and is probably the most common 
reason why people attend doctors.  

Sharp localised pain is associated with sprains, bone 
fracture, breakages and other serious tissue damage.  

Aching pain (e.g. headache) is very common but its 
cause can be more difficult to find, especially when it 
is not clearly localised. It may be associated with 
infections such as colds or ‘flu.  

Pain Management 
Pain management is a complex area. There are many 
causes of pain and so there are many different 
treatments for it.  

 

Neurons 
In general it is not desirable to completely remove 
pain, even if that were possible. Pain can be 
considered to be part of the body’s defence system. 
Pain management is concerned with easing the 
suffering of people and improving their quality of life.  

Neurons typically consist of a cell body with one or 
more extensions, called dendrites, and one long 
extension called an axon which terminates in several 
axon terminals. Dendrites conduct signals towards the 
cell body while axons conduct signals away from the 
cell body. In the case of both sensory and motor 
neurons the cell body is found in a little swelling called 
a ganglion near the spinal cord. A dendrite of a 
sensory neuron may therefore be more than a metre 
long, running for example from the foot to near the 
backbone. The axons of motor neurons may be nearly 
as long. 

Although we all know from experience what pain is, it 
is not easy to identify the precise factors involved in 
the sensation of pain. Clearly it involves the nervous 
system and nerve cells. 

The Nervous System 
Neurons, or nerve cells, can be classified as follows: 

How Neurons Conduct Signals Sensory neurons are associated with the five senses. 
They detect sensations such as heat, cold, 
pressure and pain and conduct signals to the 
central nervous system — i.e. the brain and 
spinal cord.  

The transmission of a signal along a neuron is a 
complex biochemical process. What travels is not a 
substance nor an electric charge but an effect that 
passes along the axon in much the same way as a 
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‘Mexican wave’ travels around a stadium. In the case 
of neurons the effect is the opening of so called 
‘sodium channels’ in the axon cell membrane. This 
allows sodium ions into the axon and changes the 
local electric potential of the axon from its typical 
resting potential of about −70 mV to +40 mV and 
triggers the nearby channels to open. In this way the 
‘effect’ travels like a wave. The speed of this effect is 
surprisingly high — up to 100 metres per second in 
myelinated neurons, which are found only in 
vertebrates. Special cells, called Schwann cells, 
produce the myelin around the axons of peripheral 
neurons and help to keep them alive. In effect the 
myelin is wrapped around the axon ten or more times 
where it acts as an insulator. An axon one metre long 
would typically have 
between 1,000 and 
10,000 Schwann cells 
around it; sodium and 
potassium ions can 
move through the ion 
channels in the cell 
membrane only at the 
gaps between the 
bands of myelin.  

A neuron may be linked 
to many others and 
each connection point is 
called a synapse. The transmission of a signal across 
a synapse involves the release of a special signalling 
chemical or neurotransmitter (e.g. acetylcholine for 
motor neurons or glutamate for sensory neurons); this 
triggers the receiving neuron to ‘fire’.  

What is Pain? 
What is the difference between a pain signal and 
some other general sensation? Or are there neurons 
whose signals are always interpreted as ‘pain’? Are 
there different neurons for different kinds of pain?  

The current understanding is that there are in fact 
special pain neurons (nociceptors) and each kind 
detects a different kind of severe stimulus: thermal, 
mechanical or chemical. When we touch something 
thermal receptors can indicate whether it is hot or 
cold. If it is very hot then the thermal nociceptors are 
triggered and we get a sensation of pain. This may be 
accompanied by a reflex withdrawal from the source 
of the stimulus. Similarly we can distinguish between 
touching and a bruising or crushing sensation. There 
are also deeper receptors which give us duller and 
less localised pains or aches. 

Treating Pain 
Pain is generally an indication or symptom that 
something is wrong; treating the symptom may not be 
the best cure. For example many a headache is cured 
by taking a walk or by getting some fresh air. Taking 
an analgesic treats only the symptom but not the root 

cause. Acute pain, such as that following the breaking 
of a limb, starts quickly but may last a few months. 
Such pain can be relieved by analgesics such as 
paracetamol or ibuprofen which are regarded as safer 
than aspirin. Pain that lasts for many months (chronic 
pain) can have a serious effect on the quality of a 
person’s life and is generally more difficult to treat. 

Because long-term pain can be debilitating its 
treatment is the subject of considerable research 
worldwide involving many disciplines: medicine, 
pharmacology, psychology, occupational therapy and 
sociology.  

The treatment of patients who are not expected to 
recover is called palliative care. Pain relief is one of 

the main goals of hospice 
care. When people are 
terminally ill with little 
probability of recovery the 
medical suppression of 
pain is in most countries 
considered to be an 
entitlement.  
 

How do Analgesics 
Work? 
An analgesic is a 

substance that is used to relieve pain without affecting 
consciousness. They treat the symptom rather than 
the cause. There are three main types of analgesic 
and they function in different ways. 

Opioid analgesics are chemically related to morphine, 
an opiate extracted from opium seedpods. The body 
can produce small amounts of opoids, such as 
endorphins, that can suppress pain by binding with 
special pain receptors in the brain. Opioid analgesics 
relieve pain by binding to these sites. Opiates are 
controlled substances and must be prescribed by a 
doctor. They can be addictive and can have 
undesirable side effects. 

Non-opioid analgesics, such as paracetamol and 
ibuprofen, interfere with the normal operation of 
prostaglandins—messenger substances that have a 
variety of functions including the inflammation 
response and the production of pain. Many of these 
analgesics are available as ‘over-the-counter’ 
medication. 

Pain relief can also occur as a secondary effect of 
taking other medication such as antidepressants. 

 

Simplified structure of a neuron  

 



 

Teva 

Teva Pharmaceutical Industries Ltd. is a global 
pharmaceutical company specialising in the 
development, production and marketing of generic 
and proprietary branded pharmaceuticals as well as 
active pharmaceutical ingredients. Teva is among the 
top 15 pharmaceutical companies and is the largest 
generic pharmaceutical company in the world. 

With more than a century of experience in the global 
healthcare industry, the Company enjoys a firmly 
established international presence, operating through 
a carefully tailored network of worldwide subsidiaries. 
Teva is marketing products for a wide range of 
therapeutic areas including pain relief, infection 
control, cardiovascular health, oncology, central 
nervous system and respiratory. Dosage forms 
include extended and immediate release tablets and 
capsules, injectables, creams, ointments, solutions, 
suspensions and inhalers. Teva generic and branded 
products are marketed to consumers, customers and 
healthcare providers. 

Teva Pharmaceuticals Ireland is pledged to 
supporting healthcare professionals with a broad 
range of generic medicines in the widest variety of 
dosage forms. 

The Waterford site is an Inhalation Manufacturing site 
with a co-located extensive Research & Development 
facility and is the Teva Centre of Excellence for 
respiratory products. 
Teva Ireland 

Unit 301 

Waterford Industrial Estate 

Waterford 

Ireland 

Tel: 1800 201700 

You can find this and other lessons on www.sta.ie. 
Find out more about the work of TEVA at www.teva.ie. 

 



 

Teaching Notes 
Syllabus References 

Leaving Certificate Biology 

3.5 Responses to stimuli. 

• The nervous system: two-part division into the 
central nervous system (CNS) and the peripheral 
nervous system (PNS).  

• Neuron: its structure and function, with reference 
only to cell body, dendrites, axon, myelin sheath, 
Schwann cell, and neurotransmitter vesicles. 

• Movement of nerve impulse. Synapse. 

• Activation and inactivation of neurotransmitter. 
Role and position of three types of neuron: 
sensory, motor and interneuron. 

• Central nervous system: brain and spinal cord. 
Location and function of the following parts of the 
brain: cerebrum, hypothalamus, pituitary gland, 
cerebellum, and medulla oblongata. Cross-
section of spinal cord indicating: white matter, 
grey matter and central canal (refer to their 
constituent bodies), three-layer protective tissue 
– the meninges. Dorsal and ventral roots of the 
spinal nerve. 

• Peripheral nervous system: location of nerve 
fibres and cell bodies. Role, structure and 
mechanisms of the reflex action.  

Learning Outcomes 

On completion of this lesson, students should be able to: 

• Describe the importance of pain for survival. 

• Use correct terms to describe different kinds of 
pain. 

• Outline the role of sensory neurons, motor 
neurons and interneurons. 

• Describe the general structure of the main types 
of neuron. 

• Outline the mode of operation of neurons. 

• Outline the role of Schwann cells and the myelin 
sheath they produce. 

• Outline the role of neurotransmitters at the 
junction between neurons. 

• Outline the ways in which pain can be treated. 

 

 

General Learning Points 
The following information can be used to revise the lesson’s main 
learning points and inform discussion. 

• Pain is important for survival. 

• There are different kinds of pain, ranging form 
localised pain (e.g. as a result of a burn or 
fracture) or more general aches. 

• Eliminating pain completely is generally not 
desirable; pain forces us to take care of injuries 
and allow them to heal.  

• Pain management is concerned with easing the 
suffering of people and improving their quality of 
life. 

• All senses communicate with the brain through 
sensory neurons.  

• There are different kinds of pain neurons and 
each kind detects a different kind of pain: 
thermal, mechanical or chemical.  

• Treating the sensation of pain may not treat the 
cause of the pain. 

• Long term pain (chronic pain) generally has a 
serious effect on a person’s quality of life. 

 

 



 

 

Student Exercises 
Student Activities 

Response of the eye to light (work in pairs). 

• Observe one eye of your working partner when 
they open their eyes after they have had them 
closed for about 30 seconds. You should see a 
change in the size of the pupil. (The pupil is the 
hole in the middle of the iris through which light 
enters the eye). This response to light is 
automatic; in brighter light the pupil is smaller. 
Can you think of a way to measure the response 
time? 

Investigate the eye blink response to a sudden 
loud noise (work in pairs). 

• To avoid excessive noise a loud* sound can be 
made by just one person in the classroom while 
the others observe their partners’ eyes. (*e.g. 
slapping a book on a bench). 

• Estimate how many times you blink in a day.  

Measure reaction time (work in pairs). 

• One person holds the top 
of a ruler (reading 
upwards) with the zero 
between the open finger 
and thumb of their 
partner. Without warning 
the ruler is released and 
the partner should attempt 
to catch it between their 
thumb and forefinger 
without moving their hand 
down. (As a precaution 
the partner’s arm can be 
on top of the bench with 
the hand just over the 
edge.) From the 
centimetre scale on the 
ruler the response time 
can be calculated (The 
table provided here may 
help). 
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Did You Know? 

• The number of neurons in the brain of a bee: 
about 1 million (=106). 

• The number of neurons in the brain of an 
octopus: about 300 million (=3 × 108). 

• The number of neurons in the human brai
about 100,000 million (=1011). 

• Total length of myelinated nerve fibers in the 
human brain: about 160 thousand kilometres. 

• Rate of neuron growth (in early pregnancy): 
about a million every four minutes (= 
4000/second). 

• Neurons typically have connections (synapses) 
with between 1,000 and 10,000 to other cells 
(neurons, muscle cells, glands etc.). 

• Some things that are not well understood

Biographical Notes  

Matthias Jakob Schleiden (1804 –1881)  

Matthias Jakob Schleiden, son of a medical doctor, 
was born in Hamburg, Germany. From 1824 to 1827 
he studied law in Heidelberg. However in 1831 he 
abandoned his career as a lawyer and returned to 
college to study botany and medicine at first in 
Gottingen and later in Berlin, where he met Theodor 
Schwann. In 1839 he was appointed professor of 
botany at Jena University where he stayed until 1862. 
There he published a book in which he proposed that 
plants were composed of cells. (In 1839 Theodor 
Schwann proposed that animal tissue was also 
composed of cells.) In 1863 he became professor of 
botany at the University of Tartu, Estonia, but 
resigned the following year and returned to Germany 
and worked as a private teacher. 

Despite his ability and achievements Schleiden 
suffered from depression for many years; he had even 
attempted suicide during his early law studies. He 
died in Frankfurt-am-Main in 1881. 

 

Revise The Terms 

Can you recall the meaning of the following terms? Reviewing 
terminology is a powerful aid to recall and retention. 

acetylcholine, acute pain, analgesic, axon, chronic 
pain , dendrite, diagnosis, fracture, ganglion, 
glutamate, ibuprofen, insulator, interneuron, ion, 
localised pain, membrane, motor neuron, nociceptor, 
myelin, myelinated neuron, neurotransmitter, 
paracetamol, Schwann cell, sensory neuron, sodium 
channel, sprain, symptom, synapse, tissue. 

Check the Glossary of Terms for this lesson on www.sta.ie. 

 
 
 

 




